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ABSTRACT

wé nave usec 3 .agrancian, €ully imeiicis, sSne-cimensione’
nycrocynar'c computer code IC nvestigate tne evciution ¥ & 3as
ciouc ‘mpacting the surface of a 20 km, 1 Mo neutron star, This

;8¢ ‘s initially at rest with resdect tC the surface 9¢ :ine neutron
tar, extends o0 185 km above the surface, and is opticaiiv thick.
ne ‘nfail ~esuits ‘n a durst wrich jasts adbout U.1 seconds anc

reacnes 2 ceak ‘uminosity and effect:ve temperature 0F Z.8 x 17 0
arc € x ‘|C6 i respectively. The burst was foiiowed bv a onase of
osci’Taticns with a period C.Z seconos.

<NTRODUCT 10N

Jre 2f the more irteresting scenarios for the cause °¢ the X-

=as Z.rsts Ys tne macretospheric gate theory of Lamc, e ai.' In
sm1e sCenaric we have 2 racicly rotating neutren Star "t a strang
~acnetic flel¢ ‘r 2 dinary syster with a companiom thet ‘s losing
=3§% ToA27C tTe neutren Star. This material s impecec by %ne mag-
¢z c "feic tn such a fasnion that accretion is net centinuous Sut
Jccurs ‘n eciscaic everts. 0 our =nowiedige tnere rave beer no
crevigcus nurerical sirulaticns of this ohenomeny. -
we Jse the same hycrocdyraric code describes ir the last nacer”,
“ecause i "5 a3 Lagrancian, stelier interior, computer code wnich
a'symes =aciation transsor: by diffucsion: we cannot tiace 2 ncle ir
the —es™ ang 5O assume that tne biod ¢f gas enienas from tne sur‘face
o€ tne neytren star o 2 fadius 0f 1E5 xm. T:s Liob s opticaily

Tmick. mas ¢ mass of 1070 Vo, anz i inftially gt rest with resnect



ts the sur¥ace of the neutron star. The mass of tnis blot was cho-
sen sc as =c simulate & much smailer amount cf material Faliing
cnly ontc the pciar cags. The gas initielly has a temperature of

-~ 1" K anc 2 surface luminosity of 3.1 L,. We begin the calcula-
tion by allowing the materiai to fall ontd the surface.

RESULTS

dnce the infa’il has begun, an accretion shock forms at the
pouncary of the core. After ahout 100: sec of evolution, the in-
fall veiocities have reached free fall and the temoerature behind

e sncck has reachec 109 K. 't takes 2.5 milliseconds for *he
cLiser ecze 9F the snock to reach tne surface of the 570b wnich nas
now ¥aiien inwarg t¢ 30 km. The entire envelope bounces imoarting

ercugn enercy tc the two outermos: zones {2 x 10'14 M.) for them to

reacnt escape veiocity. The light curve for the burst 1s showr in
Figure ©. The peak lurinosity and effective temcerature produced

s B
>. tne ‘nfailling material is 2.4 x 127 L° and 9 x 106 K, respective-
=i tnougn, tnis effective temperature is too lcw fcr any cf the
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scservec Sursts, w2 Souid ralse this temoerature Dy recucingc the
inng= cacius 0F tne neutron star angd reaucing tne smount ¢F ‘nfalia
ing materia’l.

Tne temoerature in tne snell source a:t the core-anveicse ‘nier-

face (CE.) has remainec at 109 K anda enougn tricie-: reacticns are

occurring to keer the rate of nuclear energy generation at 1318
9

g sec™'. ir 2dditfon, the desper layers of the envelode are
convective, which 1s mixing fresh unburned nuclei into the shell
source wnich aiso 1s maintaining the large rate of nuclear burninc.
Sowever, the outer ayers 2re expandinc too rapidl: ¥for the enersy
arocucec in the sheii source s reacn ther anc tneir jumingsity
crcos rasiciy. Feor a snort Deriod the :T-decays i‘n tne surface
‘a,ers are 2tle tc hal: the aecreasing lumincsity Sut tne rapig ex-

rnsicn acain avercomes this energy source. The entire Surst lasts
about 0.3 sec.

he decline ir luminesity continues untii the esc.ping sheiis

secome sotically thin, At inis time the energy “ro~ <me irntericr
can now escade and tne iuirinosity hegins o increzse. ‘ow that we
san see intc the deeper ‘ayers we "na that tne accretec material
remainine on tne neutrcn star is Syuisating with a serioc of . C.2
sec 'Figure 2). The average luminosicy c¥ =n‘s obiect ‘s -0~ L.

anc the effecs ve temperatyre is C.3 kev. ¢ nas a racdius of 15Ckr
\average,.

These oculsaticns are a direct resuls of tne in“ai’ anc are nc:
causec tyv a nartial ionizatiun mechanisrm sucn as ir the Cepneias ¢or
- Ceti variadbles. we aisc find that trese culsations must de
accurring in higch overtones since -e finc a number a¥ rodes ir the
eigenfurction and tne larcest amplitudes are ir the surface zones.

ne clcsely o owed shese :u!sa:fans for <« secorags cf s:ar
sime. owever, the corsuter time wds decoming crghiditive anc we
engea :nis tart of the caiculation. e remcvec the escasing zcnes
anc “clowec tre resu ting evc.ution for arother thousand saccncs.
0 furTtnar changes occurrec anc we ended the calcuiation. It ‘s
estimatecd tnat at ieas:t one day cf further evoiution wouid be ne:z-
essary tc csmcleteiy burn the nvdrogen in the envelope.

we 3155 studiec a zurely coci‘ng sec.ence in wnizn we “gliowec
tne coriraction of tne extended enveiope assuming oniy neutriro
1cSses - n¢ nuc.ea~ energy orocustion. Tne envelgpe contracts “re-

1scut 200 ke 127 kmoin 137 seg aitm the iurminpsity Citmiing O

. -c 2NC tne e“fective tengerature o abcut | xev, .+ takes
anosner «C Tminutes 0 contract to 2T km. Curing the cs0.ing cnmese
tne surface luringsity reaches a deak uringsity of 2 » 127 L are

)
& cean a2¢fpctiva temcerature ¢f 1.3 wev.

A

\-ullCn.u- . "

wa Fing tThat gur S.urst was tSC COO. anc t2s razic T ~ase~:’



Tne ncrmail ours:ts alitnougn the time scale is in agreement with

soma of tne racic oursts tnat have deen opserved For some objects‘.
-t is carteiniy possipie tnat more reaiistic initial conzitions,
sycn 2s assuning the material was already infaliing, couid im-
srove tne csreespondence Setween our calculations and the ocserva-
<lons.

e alsc %ound that the in*all produced ¢ ringing of the enve-

ioce which sn~wec sncrt perioc pulsations: 3ucn oulsations have
seen ocserved in at least one surst event”.
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